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(57) ABSTRACT

An exemplary embodiment of the present invention relates to
a switch controller, a method for controlling a switch, and a
power supply including the switch controller. According to
the exemplary embodiment of the present invention, an AC
input passed through a dimmer is rectified such that an input
voltage is generated, and the input voltage is transmitted to
the power switch. A charging current is generated using a
voltage that depends on the input voltage, a zero cross-point
at which the input voltage becomes zero voltage is detected
using a detection voltage output from a current source, and a
reference signal synchronized at the detected zero cross-point
is generated.
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SWITCH CONTROLLER, SWITCH CONTROL
METHOD, AND POWER SUPPLY DEVICE
COMPRISING THE SWITCH CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0016590 filed in the
Korean Intellectual Property Office on Feb. 17, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a switch controller, switch
control method, and a power supply including a switch con-
troller.

(b) Description of the Related Art

A converter may control switching operation of a power
switch according to an input voltage generated by full-wave
rectifying an AC input.

The converter generates an internal reference signal that
depends on the input voltage, and controls the switching
operation of the power switch by comparing the internal
reference signal with a current flowing in the power switch. In
further detail, the internal reference signal has a phase syn-
chronized by the input voltage.

However, a triac dimmer may be used to control the amount
of AC input supplied to a load. The triac dimmer passes only
a part of the AC input according to a predetermined dimmer
angle. The dimmer angle indicates a phase of an AC input
passing through a dimmer.

FIG. 1 shows a result of an AC input passed through a triac
dimmer according to a dimmer angle. FIG. 1 exemplarily
illustrates a case that the triac dimmer angle is included in a
range from 0 to 90 degrees and a case that the triac dimmer
angle is included in a range from 90 to 180 degrees.

As shown in FIG. 1, when the triac dimmer angle is
included in the range from 0 to 90 degrees, a phase between O
to 90 degrees and a phase between 180 to 270 degrees among
one cycle of the AC input may pass the dimmer as shown in
AC_1.

Unlikely, when the triac dimmer angle is included in the
range from 90 degrees to 180 degrees, a phase of 90 to 180
degrees and a phase of 270 to 360 degrees among one cycle of
the AC input may pass the dimmer as shown in AC_2.

However, when an internal reference signal is generated
using an input voltage that is full-wave rectified from the AC
input passed through the triac dimmer as shown in AC_1 and
AC_2, the input voltage and the internal reference signal may
not be synchronized.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a reference signal synchronized with an input voltage.

An exemplary embodiment of the present invention relates
to an apparatus for controlling switching operation of a power
switch to which an input voltage rectified from an AC input
passed through a dimmer, is transmitted. The switch control-
ler includes a current source generating a charging current
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using a voltage that depends on the input voltage and a refer-
ence signal generator detecting a zero cross-point at which
the input voltage becomes zero voltage using a detection
voltage output from the current source and generating a ref-
erence signal synchronized at the detected zero cross-point.

An input terminal voltage of the power switch depends on
the input voltage, and the current source generates a charging
current that depends on the input terminal voltage of the
power switch.

The current source includes a JFET, and the detection
voltage is a voltage that is the input terminal voltage of the
power switch, passed through the JFET.

The reference signal generator includes: a zero cross detec-
tion circuit receiving the detection voltage and sensing a time
point that the detection voltage reaches zero voltage; a digital
sine wave generator generating a reference clock signal con-
trolling an increase or decrease time point of the reference
signal during one cycle of the input voltage, determined
according to the sensed zero voltage reach time point and
generating a digital signal increased and then decreased
according to the reference clock signal during the one cycle;
and a digital-to-analog converter generating the reference
signal by converting the digital signal to an analog signal.

The reference clock signal includes a predetermined num-
ber of edges during the one cycle, and the digital sine wave
generator increases the digital signal by being synchronized
at a time point that the reference clock signal edge is gener-
ated during a period from a time point that the first edge of the
reference clock signal is generated to the n-th edge of the
reference clock signal among the one cycle, and decreases the
digital signal by being synchronized at a time point that the
reference clock signal edge is generated during a period from
the (n+1)th edge to the predetermined number of edge.

The zero cross detection circuit generates a zero voltage
detection signal having a first level when the detection voltage
is higher than zero voltage and a second level when the
detection voltage is lower than zero voltage.

The digital sine wave generator senses a rising edge or a
falling edge of the zero voltage detection signal as the zero
cross-point, and determines a period between two adjacent
rising edges or two adjacent falling edges as one cycle of the
input voltage.

The switch controller further includes a PWM controller
controlling switching operation of the power switch by com-
paring a current flowing in the power switch and the reference
signal.

In addition, an exemplary embodiment of the present
invention relates to a switch control method for controlling
switching operation of a power switch to which an input
voltage rectified from an AC input passed through a dimmer,
is transmitted.

The switch control method includes: generating a charging
current using a voltage that depends on the input voltage;
generating a voltage that depends on the input voltage as a
detection voltage according to the generation of the charging
current; detecting a zero cross-point at which the input volt-
age becomes zero voltage using the detection voltage; and
generating a reference signal that is synchronized at the
detected zero cross-point.

The voltage that depends on the input voltage is an input
terminal voltage of the power switch, and the generating of
the charging current includes generating a charging current
that depends on the input terminal voltage of the power
switch.

The generating of the voltage that depends on the input
voltage as the detection voltage according to the generating of
the charging current voltage includes a step that the voltage
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that depends on the input voltage passes through a JFET for
generation of the charging current.

The detecting of the zero cross-point includes receiving the
detection voltage and sensing a time point at which the detec-
tion voltage reaches zero voltage.

The detecting of the zero cross-point includes generating a
zero voltage detection signal having a first level when the
detection voltage is higher than zero voltage and a second
level when the detection voltage is lower than zero voltage.

The generating of the reference signal includes sensing a
rising edge or a falling edge of the zero voltage detection
signal as the zero cross-point and determining a period
between two adjacent rising edges or two adjacent falling
edges as one cycle of the input voltage.

The generating of the reference signal includes: generating
a reference clock signal that controls an increase or decrease
time point of the reference signal during one cycle of the input
voltage, determined according to the determined zero cross-
point, and generating a digital signal increased according to
the reference clock signal during the one cycle and then
decreased; and generating the reference signal by converting
the digital signal to an analog signal.

The reference clock signal includes a predetermined num-
ber of edges for the one cycle, and the generating of the digital
signal increases the digital signal by being synchronized at a
time point that the reference clock signal edge is generated
during a period from a time point that the first edge of the
reference clock signal is generated to the n-th edge of the
reference clock signal among the one cycle, and decreases the
digital signal by being synchronized at a time point that the
reference clock signal edge is generated during a period from
the (n+1)th edge to the predetermined number of edge.

The switch control method further includes controlling
switching operation of the power switch by comparing a
current flowing in the power switch and the reference signal.

Further, a power supply according to an exemplary
embodiment of the present invention includes: a dimmer
passing an AC input according to a predetermined dimmer
angle; a power switch to which an input voltage generated by
rectifying the AC input passed through the dimmer is trans-
mitted; and a switch controller for controlling switching
operation of the power switch.

The switch controller includes a current source generating
a charging current using a voltage that depends on the input
voltage, a reference signal generator detecting a zero cross-
point at which the input voltage becomes zero voltage using a
detection voltage output from the current source, and gener-
ating a reference signal synchronized at the detected cross-
point, and a PWM controller controlling switching operation
of the power switch by comparing a current flowing in the
power switch with the reference signal.

The reference signal generator includes: a zero cross detec-
tion circuit receiving the detection voltage and sensing a time
point at which the detection voltage reaches zero voltage; a
digital sine wave generator generating a reference clock sig-
nal controlling an increase or decrease time point of the
reference signal during one cycle of the input voltage, deter-
mined according to the sensed zero voltage reach time point
and generating a digital signal increased and then decreased
according to the reference clock signal during the one cycle;
and a digital-to-analog converter generating the reference
signal by converting the digital signal to an analog signal.

The zero cross detection circuit generates a zero voltage
detection signal having a first level when the detection voltage
is higher than zero voltage and a second level when the
detection voltage is lower than zero voltage, and the digital
sine wave generator senses a rising edge or a falling edge of

20

35

40

45

50

4

the zero voltage detection signal as the zero cross-point, and
determines a period between two adjacent rising edges or two
adjacent falling edges as one cycle of the input voltage.

According to the exemplary embodiments of the present
invention, a reference signal synchronized with an input volt-
age is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a result of an AC input passed through a triac
dimmer according to a dimmer angle.

FIG. 2 shows a switch controller and a power supply
including the switch controller according to an exemplary
embodiment of the present invention.

FIG. 3 is a waveform diagram of an input voltage, a power
source voltage, a detection voltage, a zero cross detection
signal, areference clock signal, and a reference signal accord-
ing to the exemplary embodiment of the present invention.

FIG. 4 is a waveform diagram of an input voltage, a power
source voltage, a detection voltage, a zero cross detection
signal, areference clock signal, and a reference signal accord-
ing to another exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

Throughout this specification and the claims that follow,
when it is described that an element is “coupled” to another
element, the element may be “directly coupled” to the other
element or “electrically coupled” to the other element
through a third element. In addition, unless explicitly
described to the contrary, the word “comprise’” and variations
such as “comprises” or “comprising”, will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements.

FIG. 2 shows a switch controller and a power supply
including the switch controller according to an exemplary
embodiment of the present invention.

A power supply 40 according to the exemplary embodi-
ment of the present invention is realized as a buck converter,
but the present invention is not limited thereto. The power
supply 40 according to the exemplary embodiment of the
present invention is set to supply power to an LED string 20
formed of a plurality of LED elements coupled in series.

The power supply 40 includes a triac dimmer 50. The triac
dimmer 50 is connected between an AC input and a rectifying
circuit 10. The triac dimmer 50 allows a portion according to
a set value to pass therethrough among one cycle of the AC
input.

The triac dimmer 50 according to the exemplary embodi-
ment of the present invention allows the AC input to pass as
shown in AC_2 in FIG. 1. However, the present invention is
not limited thereto, and AC_1 or other phases may pass the
triac dimmer 50.

The rectifying circuit 10 according to the exemplary
embodiment of the present invention is realized as a bridge
diode, and supplies an input voltage Vin that is full-wave
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rectified from the AC input passed through the triac dimmer
50 to the LED string 20. The rectifying circuit 10 includes
four rectitying diodes 11 to 14.

The power supply 40 further includes a power switch M, a
diode FRD, an inductor L, and a switch controller 30. The
switch controller 30 and the power switch M are respectively
provided as chips and may form one package.

As shown in FIG. 2, the power switch M operates accord-
ing to a gate signal VG transmitted from the switch controller
30. The power switch M is realized as an n-channel metal
oxide semiconductor filed effect transistor (NMOSFET).
However, the present invention is not limited thereto, and
another type of transistor element may be applied as neces-
sary.

A first end of the LED string 20 is connected to the recti-
fying circuit 10 and a second end of the LED string 20 is
connected to a first end of the inductor L. The diode FRD is a
fast recovery diode, and connected to a drain electrode of the
power switch M and the first end of the LED string 20. The
diode FRD forms a path through which a current flowing to
the inductor L. flows to the LED string 20 while the power
switch M is in the turn-off state.

The drain electrode of the power switch M is connected to
a second end of the inductor L, a source electrode thereof is
connected to a first end of a sense resistor RS, and a gate
electrode thereof is applied with the gate signal VG transmit-
ted from the switch controller 30. The power switch M is
switched by the gate signal VG.

When the power switch M is turned on, an inductor current
1L increasing according to the input voltage Vin flows through
the LED string 20 and the power switch M, and energy is
stored in the inductor L by the inductor current IL. In this
case, a current (hereinafter, referred to as a drain current Ids)
flowing in the power switch M flows to the resistor RS such
that a sense voltage VS is generated.

When the power switch M is turned off, the inductor cur-
rent IL is decreased while the energy stored in the inductor LL
still remains during the turn-on period. In this case, the
decreasing inductor current IL is supplied to the LED string
20 through the diode FRD.

A peak flow (envelop) of the drain voltage Vd according to
the exemplary embodiment of the present invention has a
phase and a frequency that are the same as those of the input
voltage Vin. In further detail, the peak of the drain voltage Vd
is generated during the turn-off period of the power switch M,
and the drain voltage Vd follows the waveform of the input
voltage Vin during the turn-off period. During the turn-on
period of the power switch M, the drain voltage Vd is deter-
mined by the drain current Ids and the sense voltage RS, and
therefore the drain voltage Vd is a low voltage.

The switch controller 30 generates a power source voltage
VCC using the input end of the power switch M, that is, the
drain voltage Vd of the power switch M in the present exem-
plary embodiment, and detects a zero cross-point of the input
voltage Vin using the power source voltage VCC. However,
the present invention is not limited thereto, and the input
voltage Vin may be used instead of using the drain voltage Vd.

The switch controller 30 generates a reference signal REF
synchronized with the input voltage Vin using the detected
zero cross-point, and controls switching operation of the
power switch M using the reference signal REF and the sense
voltage VS.

The switch controller 30 includes a self power source volt-
age (VCC) biasing circuit (hereinafter, referred to as a SVBC)
300, a reference signal generator 100, a PWM controller 200,
and a gate driver 400.
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Hereinafter, constituent elements of the switch controller
30 will be described in further detail with reference to FIG. 2
and FIG. 3.

FIG. 3 is a waveform diagram of an input voltage, a power
source voltage, a detection voltage, a zero cross-point signal,
a reference clock signal, and a reference signal according to
the exemplary embodiment of the present invention.

The SVBC 300 generates the power source voltage VCC
using a charging current ICH that charges a capacitor C1
using the drain voltage Vd. The power source voltage VCC is
a power source voltage for operation of the switch controller
30.

The SVBC 300 includes a current source 310 and a diode
320. The current source 310 generates the charging current
ICH that depends on the drain voltage Vd. An anode of the
diode 320 includes an anode connected with an output end of
the current source 310 and a cathode connected to a first end
of the capacitor C1.

The current source 310 includes a junction gate field-effect
transistor (JFET) 311. A drain electrode of the JFET 311 is
connected to the drain electrode of the power switch M and a
source electrode of the JFET 311 is connected to an anode of
the diode 320. A gate electrode of the JFET 311 is applied
with a predetermined level of gate voltage G.

A voltage (hereinafter, referred to as a detection voltage)
VZC output from the current source 310 according to the
exemplary embodiment of the present invention is a voltage
for zero voltage cross detection of the input voltage Vin, and
is a voltage that the drain voltage Vd is transmitted through
the JFET 311. Due to a characteristic of the JFET 311, the
detection voltage VZC is clamped to a voltage lower than a
predetermined voltage.

The detection voltage VZC is decreased along the input
voltage Vin near the zero cross-point of the input voltage Vin
(T0 of FIG. 3). According to the decrease of the input voltage
Vin, the charging current ICH is decreased.

During a period from a time point T0 to a time point T1, no
input voltage Vin exists, and therefore the charging current
ICH is not generated. Then, the power source voltage VCC is
decreased from the time point T0 and then becomes zero
voltage.

The input voltage Vin is increased at the time point T1, and
the current source 310 generates the charging current ICH
according to the drain voltage Vd. The detection voltage VZC
is rapidly increased at the time point T1, and then maintained
in the clamping voltage VC after the time point T1.

The capacitor C1 is charged by the charging current ICH
and thus the power source voltage is rapidly increased from
the time point T1.

When the input voltage Vin reaches zero voltage at a time
point T2, the operation performed at the time point TO is
repeated. Inthis case, a period T0 to T2 corresponds one cycle
of the input voltage Vin.

The reference signal generator 100 detects a zero cross-
point of the input voltage Vin and generates a reference signal
REF synchronized with the input voltage Vin. The reference
signal REF is transmitted to the PWM controller 200.

The reference signal generator 100 includes a zero cross
detection circuit (ZCDC) 110, a digital sine wave generator
(DSG) 120, and a digital-to-analog converter (DAC) 130.

The ZCDC 110 detects the zero cross-point using the
detection voltage VZC, and generates a zero cross detection
signal ZCD that indicates the detected zero cross-point.

For example, the ZCDC 110 generates a zero cross detec-
tion signal ZCD that having a high level when the detection
voltage VZC is higher than zero voltage and has a low level
when the detection voltage VZC is lower than zero voltage.



US 9,325,255 B2

7

Then, as shown in FIG. 3, the zero cross detection signal ZCD
becomes pulse signal having a falling edge at the zero cross-
points T0 and T2 and a rising edge at a time point that the input
voltage Vin is generated.

That is, the falling edge time point that the zero cross
detection signal VCD according to the exemplary embodi-
ment of the present invention becomes zero voltage is syn-
chronized at a time point that the input voltage Vin becomes
zero voltage. However, the present invention is not limited
thereto, and a rising edge time point that the zero cross detec-
tion signal VCD is increased may be synchronized at a time
point that the input voltage Vin becomes zero voltage. This
will be described later.

The DSG 120 senses one cycle of the input voltage Vin
using the zero cross detection signal ZCD, and generates a
digital signal DS that is increased or decreased during one
cycle of the input voltage Vin.

The DSG 120 sets a gap between sequential zero cross
points as one cycle of the input voltage Vin using the zero
cross detection signal ZCD. In addition, the DSG 120 gener-
ates a digital signal DS that increases during one cycle of the
input voltage Vin and then decreases.

The DAC 130 converts the input digital signal DS to an
analog voltage signal in real time to generate a reference
signal REF and outputs the reference signal REF. Then, the
reference signal REF that increases or decreases by being
synchronized with the input voltage Vin is generated.

The DSG 120 generates a digital signal DS that increases or
decreases by a reference number of times during one cycle of
the input voltage. When the reference number is 12, the digital
signal DS is increased 12 times and decreased 12 times.

The DSG 120 generates a reference clock signal RCLK to
control an increase time point or a decrease time point of the
digital signal DS. In further detail, the DSG 120 generates a
reference clock signal RCLK having a frequency that can
increase or decrease the digital signal DS by a reference
number of times for one cycle of the input voltage Vin by
dividing a predetermined clock signal CLK1.

The digital signal DS according to the exemplary embodi-
ment of the present invention is an n-bit digital signal. The
DSG 120 is synchronized with an edge of the reference clock
signal RCLK to increase the digital signal DS by the reference
number of times and then decrease the digital signal DS by the
reference number of times. In this case, the DSG 120 syn-
chronizes the digital signal DS with the edge of the reference
clock signal RCLK and then transmits the synchronized sig-
nal to the DAC 130.

For example, the reference number of times is setto 12, and
an increase and a decrease of the reference signal REF will be
described accordingly.

First, the digital signal DS increased at a falling edge time
point T11 of the reference clock signal RCLK is transmitted
to the DAC 130, and the DAC 130 converts the transmitted
signal to generate the reference signal REF.

Next, the digital signal DS increased at a rising edge time
point T12 of the reference clock signal RCLK is transmitted
to the DAC 130, and the DAC 130 converts the transmitted
signal to generate the reference signal REF.

With such a method, the increase of the reference signal
REF is continued until a time point T13 at which the reference
number of edges, that is, 12 edges are generated.

Then, the digital signal DS starts to decrease from a falling
edge time point T14 of the reference clock signal RCLK, and
the DAC 130 converts the decreasing digital signal DS to
generate the reference signal REF. The decrease of the digital
signal DS is continued until a time point T15 at which the 12
edge is generated, and the reference signal REF is decreased.

40

45

50

8

The DSG 120 according to the exemplary embodiment of
the present invention is synchronized with the rising edge and
the falling edge of the reference clock signal RCLK to
increase or decrease the digital signal DS, but the present
invention is not limited thereto. The DSG 120 may increase or
decrease the digital signal DS by being synchronized only at
the rising edge or the falling edge of the reference clock signal
RCLK.

Hereinafter, a case that a rising edge of the zero cross
detection signal ZCD is synchronized at a time point that the
input voltage Vin becomes zero voltage. When the triac dim-
mer angle is between 90 to 180 degrees as shown in AC_2 of
FIG. 1, the rising edge of the zero cross detection signal ZCD
is synchronized at a time that the input voltage Vin becomes
zero voltage.

FIG. 4 shows a waveform diagram of an input voltage, a
power source voltage, a detection voltage, a zero cross detec-
tion signal, a reference clock signal, and a reference signal
according to another exemplary embodiment of the present
invention.

As shown in FIG. 4, an input voltage Vin is generated and
starts to increase at a time point T2. At the time point T2, a
detection voltage VZC is generated and starts to increase.

Then, a charging current ICH is generated and starts to
charge a capacitor C1 from the time point T2, and a power
source voltage VCC starts to increase from the time point T2.

Atatime point T3, the input voltage Vin is disappeared, and
the detection voltage VZC is decreased to zero voltage. Since
no charging current ICH is generated from the time point T3,
the power source voltage VCC starts to decrease.

At atime point T4, the input voltage Vin is generated again
and starts to increase. After that, waveforms of the input
voltage Vin, the detection voltage VZC, and the power source
voltage are repeated as in the period T2 to T3.

The reference signal generator according to the present
exemplary embodiment of the present invention is the same as
the reference signal generator 100 of the above-described
exemplary embodiment, except that a zero voltage cross point
of'the input voltage Vin is sensed using a rising edge of a zero
voltage detection signal ZCD.

Therefore, as shown in FIG. 4, a period (T3 to T4) between
the time point T2 at which the zero cross detection signal
ZCDisincreased and a time point T4 is sensed as one cycle of
the input voltage Vin.

In addition, during the sensed one cycle, a reference signal
REF increased (or, decreased) by being synchronized with a
rising edge and a falling edge of a reference clock signal
RCILK is generated.

The generated reference signal has a full-wave rectification
waveform synchronized with the input voltage Vin.

Referring back to FIG. 2, the PWM controller 200 includes
a PWM comparator 220, an oscillator 210, an SR latch 230,
and a gate driver 400.

The PWM comparator 220 includes a non-inversion termi-
nal (+) to which a sense voltage VS is input and an inversion
terminal (=) to which the reference signal REF is input. The
PWM comparator 220 outputs a high-level comparison signal
CS when a signal input to the non-inversion terminal (+) is
higher than a signal input to the inversion (=) terminal. Oth-
erwise, the PWM comparator 220 outputs a low-level com-
parison signal CS. The oscillator 210 generates a clock signal
CLK that determines a switching frequency of a power switch
M.

The SR latch 230 generates a gate control signal VC
according to the clock signal CLK. The SR latch 230 includes
a set terminal S to which the clock signal CLK is input, a reset
terminal R to which the comparison signal CS is input, and an
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output terminal Q. The SR latch 230 outputs a high-level
signal by being synchronized by a rising edge of the signal
input to the set terminal S, and outputs a low-level signal by
being synchronized by a rising edge of the signal input to the
reset terminal R. Therefore, the SR latch 230 generates a
high-level gate control signal VC by being synchronized by
the rising edge of the clock signal CLK, and generates a
low-level gate control signal by being synchronized by the
rising edge of the comparison signal CS.

The gate driver 400 generates a gate signal VG that controls
switching operation of a power switch according to the gate
control signal VC. When the gate signal VG is high level, the
power switch M is turned on, and when the gate signal VG is
low level, the power switch M is turned off. The gate driver
400 generates a high-level gate signal VG according to a
high-level gate control signal VC, and generates a low-level
gate signal VG according to a low-level gate control signal
VC.

As described, according to the exemplary embodiments of
the present invention, a reference signal having a full-wave
rectified waveform synchronized at a time point that the input
voltage Vin becomes zero voltage is generated even though
the input voltage Vin does not have a full-wave rectified
waveform due to a triac dimmer. According to the generated
reference signal, the switching operation of the power switch
is controlled and a current flowing to a load is controlled.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

<Description of symbols>

triac dimmer 50
rectifying diode 11-14
diode FRD

power supply 40
rectifying circuit 10
power switch M

Inductor L switch controller 30
SVBC 300

reference signal generator 100 PWM controller 200
gate driver 400 current source 310
diode 320 zero cross detection circuit (ZCDC) 110
digital sine wave generator

(DSG) 120

digital-to-analog converter

(DAC) 130

PWM comparator 220 oscillator 210

SR latch 230 gate driver 400
JFET 311

What is claimed is:

1. An apparatus controlling switching operation of a power
switch to which an input voltage rectified from an AC input
passed through a dimmer is transmitted, comprising:

a current source generating a charging current using a

voltage that depends on the input voltage; and

a reference signal generator generating a zero voltage

detection signal based on a result of comparing a detec-
tion voltage output from the current source with zero
voltage, detecting a zero cross-point at which the input
voltage becomes zero voltage based on a rising edge or
a falling edge of the zero voltage detection signal,
and generating a reference signal synchronized at the
detected zero cross-point.

2. The switch controller of claim 1, wherein an input ter-

minal voltage of the power switch depends on the input volt-
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age, and the current source generates a charging current that
depends on the input terminal voltage of the power switch.

3. The switch controller of claim 2, wherein the current
source comprises a JFET, and the detection voltage is a volt-
age that is the input terminal voltage of the power switch,
passed through the JFET.

4. The switch controller of claim 1, wherein the reference
signal generator comprises:

a zero cross detection circuit receiving the detection volt-
age and sensing a time point that the detection voltage
reaches zero voltage;

a digital sine wave generator generating a reference clock
signal controlling an increase or decrease time point of
the reference signal during one cycle of the input volt-
age, determined according to the sensed zero voltage
reach time point and generating a digital signal that is
increased and then decreased according to the reference
clock signal during the one cycle; and

a digital-to-analog converter generating the reference sig-
nal by converting the digital signal to an analog signal.

5. The switch controller of claim 4, wherein the reference
clock signal comprises a predetermined number of edges
during the one cycle, and

the digital sine wave generator increases the digital signal
by being synchronized at a time point that the reference
clock signal edge is generated during a period from a
time point that a first edge of the reference clock signal
is generated to an n-th edge of the reference clock signal
among the one cycle, and decreases the digital signal by
being synchronized at a time point that the reference
clock signal edge is generated during a period from an
(n+1)th edge to the predetermined number of edges.

6. The switch controller of claim 4, wherein the zero cross
detection circuit generates the zero voltage detection signal
having a first level when the detection voltage is higher than
zero voltage and a second level when the detection voltage is
lower than zero voltage.

7. The switch controller of claim 6, wherein the digital sine
wave generator senses the rising edge or the falling edge of
the zero voltage detection signal as the zero cross-point, and
determines a period between two adjacent rising edges or two
adjacent falling edges as one cycle of the input voltage.

8. The switch controller of claim 1, further comprising a
PWM controller controlling switching operation of the power
switch by comparing a current flowing in the power switch
and the reference signal.

9. A switch control method for controlling switching
operation of a power switch to which an input voltage recti-
fied from an AC input passed through a dimmer is transmitted,
comprising:

generating a charging current using a voltage that depends
on the input voltage;

generating a voltage that depends on the input voltage as a
detection voltage according to the generation of the
charging current;

generating a zero voltage detection signal based on a result
of comparing the detection voltage with zero voltage;

detecting a zero cross-point at which the input voltage
becomes zero voltage based on a rising edge or a falling
edge of the zero voltage detection signal; and

generating a reference signal that is synchronized at the
detected zero cross-point.

10. The switch control method of claim 9, wherein the
voltage that depends on the input voltage is an input terminal
voltage of the power switch, and the generating of the charg-
ing current comprises generating a charging current that
depends on the input terminal voltage of the power switch.
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11. The switch control method of claim 9, wherein the
generating of the voltage that depends on the input voltage as
the detection voltage according to the generation of the charg-
ing current comprises a step that the voltage that depends on
the input voltage passes through a JFET for generation of the
charging current.
12. The switch control method of claim 9, wherein the
detecting of the zero cross-point comprises receiving the
detection voltage and sensing a time point at which the detec-
tion voltage reaches zero voltage.
13. The switch control method of claim 9, wherein the
generating the zero voltage detection signal comprises gen-
erating the zero voltage detection signal having a first level
when the detection voltage is higher than zero voltage and a
second level when the detection voltage is lower than zero
voltage.
14. The switch control method of claim 13, wherein the
generating the reference signal comprises:
sensing the rising edge or the falling edge of the zero
voltage detection signal as the zero cross-point, and

determining a period between two adjacent rising edges or
two adjacent falling edges as one cycle of the input
voltage.

15. The switch control method of claim 9, wherein the
generating the reference signal comprises:

generating a reference clock signal that controls an

increase or decrease time point of the reference signal
during one cycle of the input voltage, determined
according to the determined zero cross-point, and gen-
erating a digital signal that is increased according to the
reference clock signal during the one cycle and then
decreased; and

generating the reference signal by converting the digital

signal to an analog signal.

16. The switch control method of claim 15, wherein the
reference clock signal comprises a predetermined number of
edges for the one cycle, and

the generating of the digital signal increases the digital

signal by being synchronized at a time point that the
reference clock signal edge is generated during a period
from a time point that a first edge of the reference clock
signal is generated to an n-th edge of the reference clock
signal among the one cycle, and decreases the digital
signal by being synchronized at a time point that the
reference clock signal edge is generated during a period
from an (n+1)th edge to the predetermined number of
edges.

17. The switch control method of claim 9, further compris-
ing controlling switching operation of the power switch by
comparing a current flowing in the power switch and the
reference signal.
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18. A power supply comprising:
a dimmer passing an AC input according to a predeter-
mined dimmer angle;

a power switch to which an input voltage generated by
rectifying the AC input passed through the dimmer is
transmitted; and

a switch controller for controlling switching operation of
the power switch, wherein the switch controller com-
prises,

a current source generating a charging current using a
voltage that depends on the input voltage,

a reference signal generator detecting a zero voltage detec-
tion signal based on a result of comparing a detection
voltage output from the current source with zero voltage,
detecting a zero cross-point at which the input voltage
becomes zero voltage based on a rising edge or a falling
edge of'the zero voltage detection signal, and generating
a reference signal synchronized at the detected cross-
point, and

a PWM controller controlling the switching operation of
the power switch by comparing a current flowing in the
power switch with the reference signal.

19. The power supply of claim 18, wherein the reference
signal generator comprises:

a zero cross detection circuit receiving the detection volt-
age and sensing a time point at which the detection
voltage reaches zero voltage;

a digital sine wave generator generating a reference clock
signal controlling an increase or decrease time point of
the reference signal during one cycle of the input volt-
age, determined according to the sensed zero voltage
reach time point and generating a digital signal that is
increased and then decreased according to the reference
clock signal during the one cycle; and

a digital-to-analog converter generating the reference sig-
nal by converting the digital signal to an analog signal.

20. The power supply of claim 19, wherein the zero cross
detection circuit generates the zero voltage detection signal
having a first level when the detection voltage is higher than
zero voltage and a second level when the detection voltage is
lower than zero voltage, and

the digital sine wave generator senses the rising edge or the
falling edge of the zero voltage detection signal as the
zero cross-point, and determines a period between two
adjacent rising edges or two adjacent falling edges as
one cycle of the input voltage.
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